Spatial and temporal distribution patterns of enkephalinergic neurons in adult and developing retinas of the preproenkephalin-green fluorescent protein transgenic mouse.
Enkephalin (ENK) peptides are present in the retina of several vertebrate species and play a crucial role in establishing specific circuits during retinal development. However, there is no information available concerning the development of ENKergic neurons in the mouse retina. To address this question, we used preproenkephalin-enhanced green fluorescent protein (GFP) transgenic mice, in which ENKergic neurons are revealed by GFP. Our results showed that most GFP-positive cells were located in the proximal part of the inner nuclear layer with a scattering of GFP-immunoreactive cells in the ganglion cell layer (GCL) in the adult retina. Double immunostaining with syntaxin indicates that GFP expression was restricted to a population of amacrine cells. The proportions of glycine transporter-1 and γ-aminobutyric acid-positive cells among ENKergic neurons were 57.3 ± 2.4% and 10.1 ± 1.8%, respectively. We then injected retrograde tracer into the superior colliculus and observed that none of the ENKergic neurons in the GCL were retrogradely labeled with the tracer. GFP-positive cells were first observed at embryonic day (E) 15 in the inner neuroblastic layer at only very low levels, which gradually increased until E18. After birth, there was a steep rise in GFP expression levels, reaching maximal activity by postnatal day (P) 7. The distribution and intensity of GFP-positive cells at P15 were similar to those of adult retina. It was found that immunoreactive processes in the inner plexiform layer formed strongly stained patches. The present results provide detailed morphological evidence of the cell type and spatial and temporal distribution of ENKergic neurons in the retina.